•ACT.--Sex-specifiC growth analyses were conducted for 20 male and ! 2 female Ospreys (Pandion haliaetus) in !9 broods in Nova Scotia, Canada during 1984-1986. The graphical methods of Ricklefs showed the logistic model to be most appropriate for mass increase with a growth-rate constant K of 0.!8.days • for both sexes combined. The influence of sex on growth performance was also described using a reparameterized Richards model. Mass and tarsus length were the only variables to show well-defined asymptotes at fledging, although talon length, cranium width, and culmen length were within !0% of adult values. Males differed significantly from females in having lower asymptotes of mass and tarsus length, but did not differ in rate of growth. There was no difference in growth rates between individuals in broods of one, two or three nestlings, or within broods as a result of hatchingorder asynchrony. Males and females showed no difference in age at time of feather emergence or in length of nestling period. Thus, because there was no evidence for rapid growth in males in order to compete with larger females for food resources at nests, we suggest that sexual size dimorphism may be independent of sibling competition in Ospreys. Received 8 May 1992, accepted 25 November 1992. For species that show marked dimorphism at fledging, the smaller sex is thought to be at a relative disadvantage and must grow faster to compete with its larger nest mates for resources. To do this, the larger sex reportedly puts on mass while the smaller sex becomes feathered sooner, achieves asymptotic size more quickly, and leaves the nest earlier, regardless of which sex is larger. Because adult Ospreys (Pandion haliaetus) are markedly dimorphic in size (i.e. females are 15-18% heavier and have a wing length 4-5% longer than males), sexually dimorphic growth patterns could be expected to compensate for size differences among nestlings.
FISFIER'S (1930) sex-ratio theory is based on
the assumption that natural selection should favor parents who invest equally in male and female offspring, resulting in a population sex ratio of unity or 50:50. To test Fisher's theory, workers have turned to investigating sexually dimorphic species where sex ratios other than 1:1 can be predicted. To date, however, studies with sufficient sample size have discovered little evidence of sex-ratio deviation in either raptorial or passerine species (reviewed by Newton 1979, Clutton-Brock 1986, and Weatherhead and Teather 1991 ). An especially well-documented case of European Sparrowhawks (Accipiter nisus) was described by Newton and Marquiss (1979) . Although this species is an extremely dimorphic raptor (females are twice as heavy as males), an analysis of 2,163 nestlings showed a sex ratio at unity. Clearly, it would be ill advised to assume unequal investment by parents of other species based solely on the production of dimorphic offspring (but see Bednarz and Hayden
1991, Wiebe and Bortolotti 1992).
This lack of consonance with predictions from theory has some implications: (1) selection may be ineffective in altering the sex ratio of birds; For species that show marked dimorphism at fledging, the smaller sex is thought to be at a relative disadvantage and must grow faster to compete with its larger nest mates for resources. To do this, the larger sex reportedly puts on mass while the smaller sex becomes feathered sooner, achieves asymptotic size more quickly, and leaves the nest earlier, regardless of which sex is larger. Because adult Ospreys (Pandion haliaetus) are markedly dimorphic in size (i.e. females are 15-18% heavier and have a wing length 4-5% longer than males), sexually dimorphic growth patterns could be expected to compensate for size differences among nestlings.
We present the results of a three-year investigation of sex-specific growth and asymptotic size of nestling Ospreys. Of particular interest was the fitting of growth models to individual birds so as to document the influence of sex on growth performance. Our objectives were: (1) to document the growth characteristics of mass, tarsometatarsus and third toe; (3) talon length (or hallux claw), distance between point where upper surface of claw emerges from skin to end of claw as measured across its arc; (4) cranium, distance between outer edges of supraorbital processes on each side of head; (5) culmen, from cere to tip of bill as measured across arc (mostly from Olendorff 1972); and (6) unflattened wing chord. To measure (7) eighth primary and (8) central rectrix as they emerged, we inserted a clear plastic ruler between the feathers up to the skin and held the feather flat against the rule. The downy tuft at the end of the feather was not included in the measurement.
All measurements were performed by C.P.S. and consistently on the left side of the body. Measurements were taken every two days unless prevented by inclement weather. When chicks were young, measurements were taken in the nest within 15 min, but after 7 to 10 days of age, birds were lowered and measured on the ground. To prevent premature fledging, measurement of nestlings ended when the oldest in the brood reached 52 days of age.
Growth-curve analyses.--For most species, daily variations in food intake, activity or defecation should not significantly alter the characteristics of the growth curve calculated over the entire growth period. In large raptorial birds such as Ospreys, however, full or partially full crops lead to extreme variation in mass. Therefore, we evaluated crop content on a 1 (empty) to 4 (full) scale prior to weighing. Occasionally, during the course of the study, birds were weighed with full (or partially full) crops bracketed by days with empty crops, enabling us to evaluate crop content as a percent of body mass over all portions of the growth period. Net body masses for growth-curve analyses subsequently were calculated by subtracting crop content, as a percent of body mass, from gross mass on any given day. We consistently found nestlings near asymptote (i.e. >six weeks of age) to have more than 200 g of fish in full crops.
Growth data from individual birds were fitted to the logistic equation according to Ricklefs (1967) . When fitting curves to mass and tarsus-length data (Table 1) , points up to and including observed asymptotes were used (Ricklefs 1968 
RESULTS
We fitted Richards and logistic models to six morphometric characteristics and linear regression models to two feather variables for the 32 individuals. Table 2 (Table 4 ).
The mass of nestlings on day 1 averaged 49.0 + 2.1 g for males and 48.6 + 2.4 g for females (Fig. 1A) . Thus, male nestlings hatched at 3.3% of mean mass of adult males and female nestlings at 2.4% of mean mass of adult females. However, these values may not necessarily reflect true hatching mass, since it is possible that some neonates were fed prior to first weighing. Average mass of all day-1 nestlings combined • The length of the tarsus increased at similar rates for both sexes well beyond the inflection point and differed only in asymptote at fledging (Figs. lB and 2B). Talon length was the only variable to show significant difference at inflection. Again, the curves showed very similar growth well past the inflection point (Fig. 1C) . No parameters of the Richards equation showed significant sexual differences for talon length.
The culmen was well developed at hatching and showed little of a sigmoid growth pattern posthatching (Fig. 1D) . No differences were found for parameters of the Richards equation for culmen length. Cranium means did not exhibit a sigmoid shape posthatching (Fig. 1E) . Because male and female wing chords grew at similar rates until very near the end of the nestling period (Fig. 1F) , this variable may prove to be the best criterion for aging nestling Ospreys. Wing chord was still increasing at fledging and asymptotes were estimated from the growth equation. There were no differences between sexes for any parameter of wing-chord growth using the Richards equation. There were also no differences between sexes in the age at which the eighth primary first emerged from the skin (7.05 + 0.19 days for males and 7.25 _+ 0.25 days for females; Fig. 1G (Table 4) provides an index of development at fledging. Mass and tarsus were the only variables to show welldefined asymptotes at fledging. Although talon length and cranium width were within adult range and culmen length was greater than 90% of adult values, no asymptote was obvious in the curves (Figs. 1C, 1D and 1E) .
Wing chord, eighth-primary length, and central-rectrix length were 76, 71 and 75% of asymptotic size, respectively, at last measurement. Therefore, they probably were still growing at nest departure time.
Brood size and hatching order.--Analyses of brood size are complicated by loss of eggs during incubation and chick mortality during the nestling period. That is, should brood size be determined at egg laying, at hatching, midway through the nestling period or at fledging? Hence, tests were conducted on brood-size compositions at hatching and at fledging using Wilcoxon signed-ranks matched-pairs test.
First-, second-and third-hatched nestlings were compared within broods for fledging age and for mass parameters of growth. Comparisons were made for birds of same sex and for all birds in a brood regardless of sex. The tests revealed no significant difference for K or t, (P > 0.05) between any of the pairs of C1, C2 and C3 nestlings, whether using compositions at hatching or at fledging. The consequence of failing to reject the null hypothesis (i.e. that growth is unaffected by hatching order) is that any bird within a brood is equally likely to have a positive or negative ranking regardless of sex.
There was also no difference in growth (mean K/brood) among broods of one, two or three nestlings. The growth rate (K) of broods of one averaged 0.1807 + 0.0009 (n = 6), broods of two averaged 0.1798 + 0.0017 (n = 4), and broods of three averaged 0.1808 + 0.001 (n = 6).
Mean growth rate and relative growth.--Mean parameter estimates for growth curves of each sex obtained from a pooled sample of nestlings were generated for mass and tarsus length, and compared to means obtained from individual birds (Table 2) If the major determinant of growth rate in birds is that of body mass, Ospreys grow relatively fast. Using asymptotes of 1,500 g for males and 1,800 g for females, Ricklefs' (1968) model for temperate-zone passerines and raptors, which shows that growth rate is inversely related to body size by the equation
predicts a rate of 30.6 days for males and 31.6 days for females, whereas the rates we obtained were 24.5 and 24.4 days, respectively. Growth rates of morphometric characters for the logistic model were similar between sexes for all variables except culmen length and cranial width, both of which were well developed at hatching and showed little sigmoidal growth posthatching. Overall, the growth rate for mass was most rapid, followed by that for tarsal length, which in turn grew faster than did the talon, wing chord, cranium, and culmen. Growth was slowest in characteristics that were well developed at hatching, which provides support for Ricklefs ' (1973) 
